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(54) Title: LIQUID CRYSTAL DISPLAY DEVICE 
(57) Abstract 

A display device comprising a flat or slightly hollow 
cell in which a thin layer of liquid crystals with negative 
dielectric anisotropy is interposed in a sandwich-like 
fashion between two transparent supporting layers made 
of glass or plastics whose faces, on the side of the 
liquid crystals, are rendered electrically conducting and 
are covered by a layer of a polymer having special 
characteristics, with a highly fractured surface divided into 
islands. In the absence of an electrical field, the liquid 
crystals are aligned, in a uniformly homeotropic manner, 
at right angles to the surfaces of the supporting layers 
polymeric coating and the cell is in a highly transparent 
state which is almost entirely independent of the viewing 
angle. By applying, through the conducting layers, an 
electrical field which is constant or variable over time with 
suitable frequencies and intensities, in the liquid crystals 
a division into microdomains with different orientation 
directions is obtained which produces a highly opaque state 
in the cell for visible light. 
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WO 98/16869 i PCT/EP97/05598 

LIQUID CRYSTAL DISPLAY DEVICE 
Technical Field 

The present invention relates to a scattering liquid 
crystal display device, particularly suitable for 
application as a display, or as variable-transmission 
glazing, for various uses, in the field of motor vehicle 
5 components (rear-view mirrors, sun visors, etcetera) and in 
the field of building. 
Background Art 

The first display or electro-optical visual display 
unit in widespread use that used liquid crystal materials 
was the so-called Dynamic Scattering Mode (DSM) Liquid- 
10 Crystal Display, constituted by a liquid crystal display 
device with dynamic scattering mode. 

This device is treated extensively for example in the 
following documents: 

(1) Heilmeier, G. , Zanoni, L. A. and Barton, L.A., Proc. 
15 I.E-.E.E., 56:1162 (1968). 

(2) Bahadur, B. Dynamic Scattering Mode LCDs, in Liquid 
Crystals: Applications and Uses, Vol, 1, Ch. 9, ed. Bahadur, 
World Scientific Press (1990). 

A class of display devices was developed from this 
20 first device which uses a high scattering state induced in a 
thin layer of liquid crystals by the combined effect of 
electrical fields applied to the cells and of ionic currents 
which are produced by said electrical fields and flow 
through the molecules of the liquid crystals. 
25 The physical properties of liquid crystal materials 

used in these devices must be the following: 
— negative dielectric anisotropy; 
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— positive electrical conductivity anisotropy; 

— electrical resistivity below 10" 10 ohm/m. 

Figure 1 schematically illustrates these conventional 
devices. 

It is clearly shown that the cell of the device does 
not use polarizers, since it is constituted only by 
conducting glass supports, plus one layer, approximately 20 
microns thick, of liquid crystals combined with a reflecting 
mirror. 

A cell of these devices has a very unusual electro- 
optical character. 

At low voltage, typically 1 volt, the mesogenic liquid- 
crystal molecules are aligned at right angles to the 
electrical field, since they have a negative dielectric 
anisotropy. 

If the cell is viewed in this condition with a 
polarizing microscope, the presence is observed of a uniform 
luminous field. 

When the voltage is increased above 5 volts, an 
alternation of luminous and dark bands is observed owing to 
the onset of periodic alignment defects which have been 
termed Williams domains. 

Figure 2 is a typical photomicrograph of Williams 
domains. 

It is generally thought that Williams domains are 
generated by the looping of the so-called "nematic 
director", which is induced by the combined effect of the 
electrical field and of the ionic currents, as shown in 
figure 3. 

A strong correlation is also noted between the 
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threshold voltage for the onset of Williams domains and the 
frequency of the applied field. 

Two different frequency states can be observed; these 
states are separated by a cutoff frequency, above which 
5 (dielectric state) the Williams domains are replaced by 
another unstable configuration known as Chevron pattern. 

Below the cutoff frequency (conducting state), the 
Williams regular configurations become unstable at twice the 
value of the threshold voltage and the device enters a 
io dynamic scattering state. 

It should be noted that optical contrast in these 
devices remains almost constant above the direct-current 
voltage at which the device enters the dynamic scattering 
mode, as shown in figure 4. 
15 In the state of maximum transparency of the device, 

light transmission decreases rather drastically as the 
viewing angle increases (high haze). 

This limits considerably the range of the applications 
in which it is most of all necessary that the device be 
20 transparent for very wide viewing angles, since the haze 
effect makes reading difficult during use as a display for 
data and/or information. 

. Moreover, DSM LCD devices, owing to the ionic currents, 
use considerable power during their operation and are not 
25 suitable for multiplexing applications. 

Other electro-optical devices which are still in 
widespread use are so-called Twisted Nematic-Liquid Crystal 
Displays (TN-LCD), and are treated in: 

(3) Schadt M. , Helfrich W.: "Voltage-dependent optical 
30 activity of a twisted nematic liquid crystal", Appl. Phys. 
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Lett. 18, 127-128 (1971), 

(4) Scheffer T.J., Nehring J.: "A new, highly 
multiplexable liquid crystal display", Appl. Phys. Lett, 45, 
1021-1023 (1984). 

(5) Scheffer T.J., Nehring J.: "Twisted nematic and 
supertwisted nematic mode LCDs" cap. 10 in LIQUID CRYSTALS - 
Application and uses - Ed. B. Bahadur World Scientific 
Singapore 1990. 

In its simplest version, a TN cell comprises a layer of 
nematic liquid crystal enclosed between two electrodes made 
of transparent and conducting flat glass and kept at a 
constant distance by suitable spacers (between 5 and 10 ^m 
thick). 

The liquid crystal has positive dielectric anisotropy. 

Between the metallization of the electrode and the 
liquid crystal layer there is provided, on each electrode, 
a transparent alignment layer constituted by polymeric 
material . 

By means of suitable abrasive rollers it is possible to 
generate microgrooves on said layer (this process is known 
as rubbing) . 

The alignment mechanism in these structures is still 
unclear: separate theories claim a simply elastic effect 
(caused by the shape of the microgrooves) or a chemical 
bonding effect (caused by the phase change due to surface 
melting when the groove is formed). 

During the production of the TN-LCD cell, the 
electrodes are coupled so that the alignment directions are 
at 90° to each other, thus inducing a characteristic 
"helical" (twisted) configuration of the nematic liquid 
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crystal molecules that are present in the bulk of the 
lamina. 

The cell is completed by two polarizing sheets whose 
polarization axes coincide with said alignment directions. 
5 If no voltage is applied to the electrodes, the cell 

appears to be transparent, since the twisted structure 
induces a 90° phase shift in the polarization state which is 
equal to the phase shift between the polarization axes of 
said sheets. 

10 in the presence of a voltage at the electrodes, the 

liquid crystal molecules instead tend to be orientated 
uniformly in the direction of the applied electrical field: 
the incoming polarized light no longer changes its 
polarization state and the cell appears dark. 

15 Other conventional liquid crystal display devices 

entail, for their operation, one or two polarizing laminae 
for the light, in order to allow the device to be 
transparent if no power is supplied (reverse mode). 

The polarizing films or laminae, however, are a filter 

20 for the light and reduce light transmission in the visible 
spectrum by as much as 40%. 

This is highly negative, since it limits the 
possibility of "contrast", which is essential for good 
reading of a display in critical lighting conditions. 

25 in high-luminance conditions (sunlight), only high 

contrast can make a display legible. 

The industrial cost of the product is considerably 
affected by the polarizing laminae and, to a lesser extent, 
by the rubbing process. 
Disclosure of the Invention 
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The aim of the present invention is to provide a liquid 
crystal display device of the reverse mode type which is 
transparent by virtue of intrinsic characteristics in the 
absence of an electrical field. 
5 Within the scope of this aim, an object of the present 

invention is to eliminate the problems linked to the use of 
polarizers. 

Another object of the present invention is to provide a 
liquid crystal display which allows to achieve high 
10 contrast. 

Another object of the present invention is to reduce 
costs due to the use of polarizing laminae and to the 
rubbing process. 

Another object of the present invention is to provide a 
15 liquid crystal display which can be manufactured 
industrially. 

This aim, these objects and others which will become 
apparent hereinafter are achieved by a light scattering 
liquid crystal display device, characterized in that it is 

20 constituted by a cell composed of two transparent supporting 
layers between which a thin layer of liquid crystals with 
negative dielectric anisotropy is interposed, the internal 
faces of said layers (on the side of the liquid crystals) 
being rendered electrically conducting and being covered by 

25 a layer of a polymer having a highly fractured surface, 
which induces a mechanical orientation of the liquid crystal 
molecules, in the absence of an electrical field, at right 
angles to the supports, thus producing good transparency of 
the cell, while when a voltage is applied across the 

30 conducting layers the liquid crystal molecules with negative 
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dielectric anisotropy tend to be arranged unevenly at right 
angles to the field, with a "random" orientation on the 
plane parallel to the support, and are contrasted in doing 
so by the orientating action of the supporting surface, 
5 producing a considerable light scattering which is typical 
of an opaque state. 
Brief Description of the Drawings 

Further characteristics and advantages of the present 
invention will become apparent from the following detailed 
description of an embodiment thereof, accompanied by 
10 examples, which is given by way of non-limitative indication 
by using the accompanying drawings both to clarify the state 
of the art and to illustrate the new device, wherein: 

figure 1 is a schematic view of a liquid crystal device 
of the DSM type; 

15 figure 2 is a photomicrograph, taken with an optical 

polarizer microscope, illustrating Williams domains; 

figure 3 is a view of the combined effect of the 
electrical field and of the ionic currents in a DSM device; 
figure 4 is a view of a dynamic scattering condition in 
20 a conventional device; 

' figure 5 is a schematic view of the new device 
according to the invention, in the absence of an electrical 
field; 

figure 6 is a schematic view of the new device in the 
25 presence of an electrical field in an opaque scattering 
condition; 

figure 7 plots the electro-optical response of the 
device as a function of the applied field; 

figure 8 plots optical transmissi vity in the 
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transparent and opaque states, as a function of the viewing 
angle; 

figure 9 is a photomicrograph, taken with an atomic- 
force microscope, of the fractured polymeric coating; 

figure 10 is a photomicrograph, taken with an atomic- 
force microscope, of the layer of electrically conducting 
oxide. 

Ways of carrying out the Invention 

The device according to the present invention, as shown 
in figure 5, is composed of two external supporting laminae 
1 and 2 made of transparent glass or plastics (for example 
PET) which are coated, on their inner faces, respectively 3 
and 4, with transparent single or multiple electrically 
conducting layers 5 and 6. 

The. two electrically conducting layers 5 and 6 are 
provided, for example, with indium tin oxide and a 
multilayer of silver tin oxide, with silver niobium oxide or 
with equivalent materials. 

Two layers 7 and 8 of a polymer are coated on said 
conducting layers 5 and 6 and have a highly irregular and 
fractured surface with a morphology constituted by mutually 
separated "islands". 

In an optimum configuration, said islands have vertical 
dimensions between 1 and 10 nm and lateral dimensions 
between 10 nm and 1 fum. 

The surface fractures are due either to the surface 
fractures of the conducting oxide layer or to the surface 
fractures of the polymer layer or to the combination of the 
two configurations. 

The two laminae 1 and 2 are coupled at a certain 
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distance so as to form an interspace 9 which is meant to 
contain the nematic liquid crystals with negative dielectric 
anisotropy . 

The thickness of the interspace 9 is preferably between 
5 10 and 30 microns. 

For the sake of clarity, an example of preparation and 
of components which can be easily applied iridustrially is 
given hereafter. 

The two external supporting laminae 1 and 2 are made of 
10 glass, and indium tin oxide is used for the conducting 
layers 5 and 6; its surface morphology is shown in figure 10 
in a photomicrograph taken with an atomic-force microscope. 

A NISSAN SE-7511L polyimide was used for the surface 
coating layers, whilst a ZLI-4788-000 by Merck was used for 
15 the liquid crystal layer. 

The coating was formed by dipping the glass laminae 1 
and 2 in a solution of gamma-butyrolactone with 7% of the 
above-mentioned polyimide. 

The glass was removed from the bath very slowly and 
20 drying was performed at 180° Celsius. 

The preparation produced a highly fractured coating 
surface, as shown in figure 9. 

Another example of preparation is described hereafter. 
The two external supporting laminae 1 and 2 were made 
25 of glass, and an indium tin oxide was used for the 
conducting layers 5 and 6. 

A NISSAN SE-7511 polyimide was used for the surface 
coating layers, while a ZLI-4788-000 by Merck was used for 
the liquid crystal layer. 
30 The coating was formed with the spin-coating technique: 
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a few drops of a 6% solution of the above-mentioned 
polyimide in butyl Cellosolve (TM) were left on the glass 
laminae 1 and 2 and the laminae were spun at high speed 
(approximately 3000 rpm) for 2 minutes* 
5 Drying was performed at 80° Celsius and curing was 

performed at 180° Celsius. 

This method produces a high degree of fracturing of the 
surface coating. 

The DC and AC electro-optical response at certain 
10 frequencies is plotted in figure 7 as a function of the 
applied supply voltage; it can be noted that light intensity 
in transparency depends on the voltage only at low 
frequencies. 

The optical transmission characteristics in the 
15 transparent and opaque states are plotted in figure 8 as a 
function of the viewing angle. 

Operation of the device is as follows. 
In the absence of an electrical field, the liquid 
crystal molecules are oriented homeotropically and 
20 substantially uniformly at right angles to the supporting 
surfaces and the device has good transparency 
characteristics . 

When a voltage of 10 volts (field equal to 0.4 V//im) is 
applied across the two conducting layers, the liquid crystal 
25 molecules tend to be oriented at right angles to the field 
and are contrasted by the force caused by the surface, which 
would tend to keep them perpendicular to said surface and 
therefore parallel to the field. Since the coating, as 
mentioned, is not uniform because its surface is highly 
30 fractured into a plurality of islands, the ability of the 
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surface to contrast the orientation of the liquid crystal 
molecules is different from one island to the next of the 
polymeric coating. Accordingly, disorder in the orientation 
of the molecules occurs, causing the device to assume an 
5 intense scattering state which is typically opaque to 
visible light, as shown in figure 6. 

A similar effect is achieved when alternating voltages 
are applied, but in this case the orientation disorder 
assumes a dynamic character, at least in the frequency range 
10 that the mesogenic molecules can follow with their 
orientating motion. 

From the above description and from the illustrations 
it is evident that the intended aim and objects have been 
achieved and that in particular a device has been provided 
15 which has a reverse mode operation, using an innovative 
physical principle of competition between surface 
orientation and the orientation induced by the electrical 
field. 

In this regard, the invention is different from the one 
20 related to devices of the DMS-LCS type described earlier, 
which use dynamic competition between the orientation forced 
by. the electrical field and the disorientating effect of the 
ionic currents. 

Attention is drawn to the advantage offered by the 
25 invented device, which in the absence of power supply for 
any reason is highly transparent due to intrinsic 
characteristics of the structure and of the components. 

This transparency remains unchanged even at other 
viewing angles (haze free). 
30 Another essential advantage is due to the lack of 
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light-polarizing laminae, which entails both savings in 
terms of cost and most of all higher efficiency in light 
transmission, which is not reduced by filters of this kind. 
This entails very high efficiency, with the consequent 
5 possibility to have high contrast effects which are 
accordingly highly advantageous in any ambient lighting 
condition. 

The component materials may obviously be chosen within 
a significant range, in compliance with the characteristics 
10 of the cited compounds, without thereby abandoning the scope 
of the protection of the present invention. 
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CLAIMS 

1 1. A light scattering liquid crystal display device, 

2 characterized in that it is constituted by a cell composed 

3 of two transparent supporting laminae between which a thin 

4 layer of liquid crystals with negative dielectric anisotropy 

5 is interposed, the internal faces of said laminae (on the 

6 side of the liquid crystals) being rendered electrically 

7 conducting and being covered by a layer of a polymer having 

8 a highly fractured surface, which induces an orientation of 

9 the liquid crystal molecules, in the absence of an 

10 electrical field, at right angles to the laminae, thus 

11 producing good transparency of the cell, while when a 

12 voltage is applied across the conducting layers the liquid 

13 crystal molecules with negative dielectric anisotropy tend 

14 to be arranged unevenly at right angles to the field, with a 

15 "random" orientation on the plane parallel to the support, 

16 and are contrasted in doing so by the spatially uneven 

17 surface orientating action of the laminae, producing an 

18 intense light scattering which is typical of an opaque 

19 state, 

1 2. A device according to claim 1, characterized in that 

2 said electrically conducting layer is provided by means of a 

3 single layer of metal oxide. 

1 3- A device according to claim 1, characterized in that 

2 said electrically conducting layer is provided by means of a 

3 multilayer of metal and/or ceramic oxides. 

1 4. A device according to claim 1, characterized in that 

2 said conducting layer is provided by means of a single layer 

3 of indium tin oxide or the like. 
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1 5 . A device according to one or more of the preceding 

2 claims, characterized in that said conducting layer can be 

3 provided by means of silver tin oxide, tin oxide or 

4 equivalent compounds. 

1 6. A device according to claim 1, characterized in that 

2 said fractured surface is caused by the surface fractures of 

3 the electrically conducting oxide layer. 

1 7. A device according to claim 1, characterized in that 

2 said fractured surface is caused by the fractures of the 

3 polymer layer. 

1 8. A device according to claim 1, characterized in that 

2 said fractured surface is caused by the combination of the 

3 surface fractures of the electrically conducting oxide layer 

4 and of the surface fractures of the polymer layer. 

1 9. A device according to claim 1, characterized in that 

2 said fractures are constituted by islands with vertical 

3 dimensions between 1 and 100 nm and lateral dimensions 

4 between 10 nm and 1 fim. 

1 10. A device according to claim 1, characterized in 

2 that it uses any kind of liquid crystal having negative 

3 dielectric anisotropy. 

1 11. A device according to claim 1, characterized in 

2 that the layer of said liquid crystals has a thickness 

3 between 10 and 30 microns or another thickness deemed more 

4 suitable to meet particular optical contrast requirements. 

1 12. A device according to claim 1, characterized in 

2 that said polymer is a polyimide or any other kind of 

3 material, for example inorganic, having similar 

4 characteristics . 

1 13. A device according to claim 1, characterized in 
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2 that said polymer is a mix of polyimides. 

1 14, A device according to claim 1, characterized in 

2 that said polyimide is chosen among those that induce a 

3 homeotropic orientation or any other kind of material having 

4 similar orientating characteristics. 

1 15. A light-scattering liquid crystal display device, 

2 characterized in that it uses liquid crystals with positive 

3 dielectric anisotropy and a polymeric coating which 

4 generates a planar orientation, with an operating mode based 

5 on the same kind of physical principle (competition between 

6 surface interaction and electrical field). 

1 16. A light scattering liquid crystal display device, 

2 characterized in that it uses liquid crystals with positive 

3 or negative dieletric anisotropy and a polymeric coating 

4 which generates a tilted orientation, with an operating mode 

5 based on the same kind of physical principle (competition 

6 between surface interaction and electrical field). 

1 17. A device according to one or more of the preceding 

2 claims, characterized in that said liquid crystals are mixed 

3 with inert spacers and/or coloring substances, gelling 

4 agents and/or any other kind of substance that can improve 

5 its characteristics or performance. 

1 18. A device according to one or more of the preceding 

2 claims, characterized in that a layer of material is 

3 interposed between the metallic coating and the polymeric 

4 coating with the purpose of protecting the conducting layer 

5 against chemical corrosion and/or facilitate its adhesion 

6 with the polymeric layer. 

1 19. A device according to claim 1, characterized in 

2 that one of the two supporting laminae is of the reflecting 
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3 or semiref lecting type. 

1 20. A device according to claim 1, characterized in 

2 that one of said supporting laminae is semitransparent . 

1 21. A device according to one or more of the preceding 

2 claims, characterized in that said supporting layers are 

3 made of rigid or flexible organic material and inorganic or 

4 composite material. 

1 22. A device according to one or more of the preceding 

2 claims, characterized in that one or both of said supporting 

3 layers are made of, or comprise, a uniform or composite 

4 (organic or inorganic) material having suitable conducting 

5 and light-transmission properties. 

1 23. An optical apparatus comprising, as a component, a 

2 liquid crystal device as defined in one or more of the 

3 preceding claims in addition to the necessary power supply 

4 and control instruments. 

1 24. An apparatus according to claim 13, characterized 

2 in that said liquid crystal device acts as a display. 
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